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MULTIPLE MATCH DETECTION CIRCUIT AND 
METHOD 

FIELD OF THE INVENTION 

[0001] The present invention relates to content address 
able memory. In particular, the present invention relates to a 
multiple match detection circuit for detecting a signal on a 
multiple matchline. 

BACKGROUND OF THE INVENTION 

[0002] In many conventional memory systems, such as 
random access memory, binary digits (bits) are stored in 
memory cells, and are accessed by a processor that speci?es 
a linear address that is associated With the given cell. This 
system provides rapid access to any portion of the memory 
system Within certain limitations. To facilitate processor 
control, each operation that accesses memory must declare, 
as a part of the instruction, the address of the memory 
cell/cells required. Standard memory systems are not Well 
designed for a content based search. Content based searches 
in standard memory require a softWare based algorithmic 
search under the control of the microprocessor. Many 
memory operations are required to perform a search. These 
searches are neither quick nor ef?cient in using processor 
resources. 

[0003] To overcome these inadequacies an associative 
memory system called Content Addressable Memory 
(CAM) has been developed. CAM alloWs cells to be refer 
enced by their contents, so it has ?rst found use in lookup 
table implementations such as cache memory subsystems 
and is noW rapidly ?nding use in netWorking systems. 
CAM’s most valuable feature is its ability to perform a 
search and compare of multiple locations as a single opera 
tion, in Which search data is compared With data stored 
Within the CAM. Typically search data is loaded onto search 
lines and compared With stored Words in the CAM. During 
a search-and-compare operation, a match or mismatch signal 
associated With each stored Word is generated, indicating 
Whether the search Word matches a stored Word or not. 

[0004] A CAM stores data in a matrix of cells, Which are 
generally either SRAM based cells or DRAM based cells. 
Until recently, SRAM based CAM cells have been most 
common because of their simple implementation. HoWever, 
to provide ternary state CAMs, ie. Where the search and 
compare operation returns a “0”, “1” or “don’t care” result, 
ternary state SRAM based cells typically require many more 
transistors than a DRAM based cells. As a result, ternary 
state SRAM based CAMs have a much loWer packing 
density than ternary DRAM cells. 

[0005] To provide the desired search and compare func 
tion in a DRAM or SRAM based CAM, matchline sensing 
circuits are required. Each matchline sensing circuit returns 
the appropriate state of its matchline, and the outputs of each 
matchline sensing circuit can be subsequently processed to 
determine the number of matches. 

[0006] The circuit responsible for determining the eXist 
ence of a match is the multiple match detection circuit. The 
multiple match detection circuit receives all the matchline 
sense circuit outputs as input signals after the search-and 
compare operation, and determines one of tWo states. The 
?rst possible state represents the case Where the search Word 
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does not match With any stored Words or matches only one 
stored Word. The second state occurs if the search Word has 
matched With tWo or more stored Words. The second state is 
signi?cant because only one address of a matching Word is 
returned as the resulting address of the search-and-compare 
operation. In such a case, if more than one match has 
resulted from the search-and-compare operation, there is at 
least one other stored Word that matched the search Word. 

[0007] A prior art multiple match detection circuit and 
scheme is disclosed in commonly oWned US. Pat. No. 

titled Circuit and Method for Multiple Match Detec 
tion in Content Addressable Memory, ?led Apr. 24, 2000, 
the contents of Which are incorporated herein by reference. 
In the multiple match detection circuit of the prior art, a 
multiple matchline is precharged to a high voltage level, 
VDD for example, and subsequently discharged When there 
is at least one matchline sense circuit Which outputs a signal 
indicating a match condition. There is one discharge tran 
sistor for each matchline sensing circuit output, and all 
discharge transistors are connected to the multiple matchline 
and in parallel With each other. 

[0008] The multiple match detection circuit of the prior art 
compares the multiple matchline voltage level to a reference 
voltage during a sensing period in order to differentiate 
betWeen the tWo different states. The reference voltage is 
?Xed to mimic a multiple matchline having only one match, 
hence the multiple match detection circuit Will sense if the 
multiple matchline voltage level is either above or beloW the 
reference voltage to generate the output corresponding to the 
?rst and second states respectively. The multiple match 
detection circuit therefore detects the discharged multiple 
match line to generate an output representing one of either 
the ?rst and second states. 

[0009] There are several disadvantages in the multiple 
match detection circuit and scheme of the prior art. To 
reduce the silicon area occupied by the multiple match 
detection circuit, it is desirable to minimiZe the feature siZe 
of the discharge transistors. Since the current strength of a 
transistor changes directly With its feature siZe, the capacity 
of a small discharge transistor to pull a fully precharged 
matchline to ground is small. This results in very sloW 
discharge of the multiple matchline, and increases the time 
required for the overall search and compare operation of the 
CAM. Inherent parasitic capacitance of the multiple 
matchline compounds this problem, Which increases as 
CAM arrays store more Words, and require more discharge 
transistors. 

[0010] The optimal sensing margin for the multiple match 
detection circuit should be suf?cient for the circuit to easily 
distinguish if the multiple matchline potential level is above 
or beloW the reference voltage. This optimal sensing margin 
is attained at the time When the multiple matchline voltage 
level has decreased to a potential level Well beloW the 
reference voltage. Unfortunately, the poor voltage discharge 
rate of the multiple matchline previously described only 
alloWs accurate sensing to be performed at a relatively 
prolonged time after the multiple matchline voltage begins 
to fall. 

[0011] The multiple match detection circuit and scheme of 
the prior art requires precise timing control betWeen activa 
tion of the matchline sense circuits, activation of the refer 
ence voltage generator circuit and activation of the sense 
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circuit Within the multiple match detection circuit. Each 
above-mentioned circuit is activated in sequence according 
to speci?c, preset time delays, Which are determined from 
the design parameters and simulations. Process variations 
during fabrication of the CAM chip and different operating 
conditions may cause slight shifts in the time delays, result 
ing in a false output from the multiple match detection 
circuit. 

[0012] There is clearly a need for a mutliple match detec 
tion circuit capable of consuming very little poWer and 
detecting multiple matchline potential levels accurately at 
high speed. 

SUMMARY OF THE INVENTION 

[0013] It is an object of the present invention to obviate or 
mitigate at least one disadvantage of the prior art. In 
particular, it is an object of the present invention to provide 
a less complex multiple matchline sensing circuit, a method 
of using such a circuit, and a content addressable memory 
using such a sensing circuit, that detects no matches, a single 
match and tWo or more matches during a search-and 
compare operation of a content addressable memory, 
quickly and accurately. 

[0014] In a ?rst aspect, the sensing circuit for detecting a 
voltage of the present invention comprises: 

[0015] 
[0016] a current source operatively connected to the 

sense line, the current source sWitching betWeen an 
off state and an on state for changing a sense line 
voltage from a ?rst voltage level to a second voltage 
level, 

[0017] an ampli?er for sensing a change in the sense 
line voltage to the second voltage level and for 
providing an ampli?ed signal corresponding thereto, 
and a detection circuit for providing a multibit output 
based on a difference in delay betWeen the ampli?ed 
signal changing from the ?rst voltage level to the 
second voltage level and a reference signal changing 
from the ?rst voltage level to the second voltage 
level. 

a sense line; 

[0018] In yet another further aspect of the present inven 
tion, there is provided a method for detecting a voltage level. 
The method consists of providing current to a sense line and 
a dummy sense line for changing a sense line and dummy 
sense line voltage level from a ?rst voltage level to a second 
voltage level; 

[0019] detecting the transition of the sense line and 
dummy sense line from the ?rst voltage level to the 
second voltage level; 

[0020] inhibiting current from the sense line and the 
dummy sense line When either the sense line or the 
dummy sense line reaches the second voltage level; 
and 

[0021] providing a multibit output based on a differ 
ence in delay betWeen the sense line changing from 
the ?rst voltage level to the second voltage level and 
a reference signal changing from the ?rst voltage 
level to the second voltage level. 
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[0022] Another aspect of the present invention provides a 
content addressable memory. The content addressable 
memory comprises an array of content addressable memory 
cells arranged in roWs and columns; 

[0023] an address decoder; 

[0024] data access circuitry; and 

[0025] a sensing circuit having a multiple match line; 
a current source operatively connected to the mul 
tiple match line, the current source sWitching 
betWeen an off state and an on state for changing the 
multiple match line from a ?rst voltage level to a 
second voltage level; an ampli?er for detecting the 
second voltage level for providing an ampli?ed 
signal corresponding thereto; and a detection circuit 
for providing an output corresponding to a delay 
betWeen the sense line changing from the ?rst volt 
age level to the second voltage level and a reference 
signal changing from the ?rst voltage level to the 
second voltage level. 

[0026] In yet another aspect of the present invention, there 
is provided a multiple match detection circuit. The multiple 
match detection circuit detects a no-match, a single match 
and a multiple match result of a search and compare opera 
tion, the multiple match detection circuit comprising: 

[0027] a multiple match line coupled to a ?rst voltage 
terminal via multiple discharge transistors connected 
in parallel, each transistor receiving individual match 
line search results; 

[0028] a current source for selectively providing cur 
rent to the multiple match line; 

[0029] a reference multiple match line coupled to the 
?rst voltage terminal via multiple dummy discharge 
transistors connected in parallel, each of the dummy 
transistors having their inputs connected to the ?rst 
voltage terminal eXcept for one dummy transistor, 
said one dummy transistor having its input con 
nected to a second voltage terminal; 

[0030] a reference current source for selectively pro 
viding current to the reference multiple match line; 

[0031] a multiple match line amplifying block for 
sensing and amplifying a change in the multiple 
match line from a ?rst voltage level to a second 
voltage level and providing an ampli?ed signal out 
Put; 

[0032] a reference multiple match line amplifying 
block for sensing and amplifying a change in the 
reference multiple match line from a ?rst voltage 
level to a second voltage level and providing an 
reference ampli?ed signal output; 

[0033] a detection circuit for detecting a difference in 
delay betWeen the multiple match line changing from 
the ?rst voltage level to the second voltage level and 
the reference multiple match line changing from the 
?rst voltage level to the second voltage level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] Preferred embodiments of the present invention 
Will noW be described, by Way of eXample only, With 
reference to the attached Figures, Wherein: 
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[0035] FIG. 1 shows a block diagram of a CAM FIG. 2 
shows a schematic of a DRAM based CAM cell; 

[0036] FIG. 3 shoWs a schematic of a matchline sensing 
circuitry of the prior art; 

[0037] FIG. 4 shoWs a schematic of a multiple matchline 
detection circuit of the prior art; 

[0038] FIG. 5 shoWs a schematic of the multiple match 
sense circuit of FIG. 4; 

[0039] FIG. 6 shoWs a plot of sense margin voltage versus 
time for the schematic of FIGS. 4 and 5; 

[0040] FIG. 7 shoWs a block diagram of the CAM array 
and matchline sense circuit block of FIG. 1; 

[0041] FIG. 8 shoWs a schematic of a multiple matchline 
detection circuit in accordance With a ?rst embodiment of 
the present invention; 

[0042] FIG. 9 shoWs a generic schematic of a multiple 
matchline sense circuit in accordance With a second embodi 
ment of the present invention; 

[0043] FIG. 10 shoWs a schematic of a multiple matchline 
sense circuit in accordance With a third embodiment of the 
present invention; 

[0044] FIG. 11 shoWs a schematic of a multiple matchline 
sense circuit in accordance With a fourth embodiment of the 

present invention; 

[0045] FIG. 12 shoWs a schematic of a multiple matchline 
sense circuit in accordance With a ?fth embodiment of the 

present invention; 

[0046] FIG. 13 shoWs a schematic of a multiple matchline 
sense circuit in accordance With a siXth embodiment of the 
present invention; 

[0047] FIG. 14 shoWs a plot of the multiple matchline 
voltage versus time for a no match, single match and 
multiple match conditions; and 

[0048] FIG. 15 shoWs a sequence diagram of the CAM 
multiple match detection operation according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0049] A typical CAM block diagram is shoWn in FIG. 1. 
The CAM 10 includes a matrix, or array 100, of CAM cells 
101 arranged in roWs and columns, Where, for a ternary 
CAM, each cell stores one of three states: logic “1”, logic 
“0” and “don’t care”, actually storing 2 bits of data. A 
predetermined number of CAM cells 101 in a roW store a 
Word of data. In the CAM array 100 of FIG. 1, there are n 
roWs and m columns, Where n and m are integer numbers. 
An address decoder 12 is used to select any roW Within the 
CAM array 100 to alloW data to be Written into or read out 
of the selected roW although most commonly, data is Written 
or loaded into the CAM and searched. The bidirectional data 
access circuitry 14 transfers data betWeen the CAM array 
100 and the data pins (not shoWn) of the CAM chip, for 
access by an external processor. Located adjacent to the 
CAM array 100 for each roW is matchline sense circuitry 
block 200. Matchline sense circuitry block 200 comprises n 
matchline sense circuits and is used during search-and 
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compare operations for outputting an n-bit result 16 indi 
cating a successful or unsuccessful match of a search Word 
against the stored Word. The matchline sense circuitry block 
results 16 for all roWs are processed by the priority encoder 
400 to output the address (Match Address) corresponding to 
the location of a matched Word. Since it is possible that more 
than one roW Will match the search Word, the priority 
encoder 400 generates the highest priority address corre 
sponding to a matched Word. Acting in parallel With the 
priority encoder 400 is a multiple match detection circuit 
300, Which assesses the matchline sense circuit results 16, 
and produces a tWo bit output Q1, Q0 representing the cases 
Where there are no matches, only one match and tWo 
matches or more. 

[0050] A typical ternary DRAM type CAM cell 101 is 
shoWn in FIG. 2. Cell 101 has an n-channel search transistor 
102 connected in series With an n-channel compare transis 
tor 104 betWeen a matchline ML and a tail line TL. A search 
line SL1 is connected to the gate of search transistor 102. 
N-channel access transistor 106 has a gate connected to a 
Wordline WL and is connected in series With capacitor 108 
betWeen bitline BL1 and cell plate voltage potential VCP. 
Charge storage node CELL1 is connected to the gate of 
compare transistor 104 to turn on transistor 104 if there is 
charge stored on capacitor 108 ie if CELL1 is logic “1”. 
The remaining transistors and capacitor, replicate transistors 
102, 104, 106 and capacitor 108 for the other half of the 
ternary data bit, and are connected to corresponding lines 
SL2 and BL2 and are provided to support ternary data 
storage. Speci?cally, the three states are stored by CELL1 
and CELL2 as folloWs: (etc . . . ) 0/0, 0/1, 1/0, 1/1. Lines 
SL1, SL2, BL1 and BL2 are common to all cells of the 
column, and lines ML, TL and WL are common to all cells 
of a Word in the roW. The tail line TL is typically connected 
to ground and all the transistors are n-channel transistors. 
The description of the operation of the ternary DRAM cell 
is covered in the aforementioned reference Which has been 
incorporated by reference. In general, for a match betWeen 
search and stored data, there must be no conduction path 
betWeen the matchline and the tail line, Whereas for a 
mis-match, conduction Will occur betWeen the matchline 
and the tail line. 

[0051] A ternary SRAM type CAM cell consists of 2 
SRAM cells, to store each half of the ternary bit, and a pair 
of search transistors and compare transistors Which duplicate 
the function of transistors 102 and 104 in FIG. 2. From the 
point of vieW of search operations and matchline function 
ality, the SRAM cell performs identically to the DRAM type 
CAM. 

[0052] A simpli?ed roW schematic from the CAM array 
100 and a corresponding prior art matchline sense circuit 
202 from the matchline sense circuits 200 are shoWn in FIG. 
3. The access transistors and storage capacitors from FIG. 2 
are not shoWn. Multiple search and compare transistors (102 
and 104 respectively), having gates connected to their 
respective search line SLj and cell storage node CELL1, are 
connected in parallel to the common matchline MLi. A 
matchline sense circuit 202 receives MLi and produces a 
matchline output ML_OUTi for the roW. The matchline 
sense circuit 202 of the prior art requires control signals 
MLDCPL, BIAS, MLPRE and SEN for proper operation. 
For purposes of comparison With the present invention, a 
general description of a prior art CAM matchline sensing 



US 2004/0130924 A1 

scheme Will noW folloW With reference to FIGS. 1 to 4. After 
data is Written to the cells 101 of the CAM array 100 via the 
bitlines, a search for a speci?c Word of data in the cell array 
can be done. Every matchline MLi of the CAM array 100 is 
?rst precharged to a positive voltage level, such as VDD, 
through activation of a pulsed match line precharge MLPRE 
signal. During precharge of the matchline MLi to VDD, all 
search lines SLj must be grounded to turn off all search 
transistors 102 of every roW, isolating the compare transis 
tors 104 from the matchline MLi, to ensure that the 
matchlines MLi precharge to the full VDD level once the 
precharge phase terminates. The combination of precharging 
match lines to VDD and discharging all search lines to 
ground on every search operation consumes a lot of poWer. 
The search Word is then loaded onto the search lines SLO to 
SLm and each cell of a Word compares its stored data With 
the data on its respective search line. Any cell Whose stored 
data does not match the data on its search lines SLj, called 
a mis-match condition, Will have both transistors 102 and 
104 turned on to form a current path betWeen the matchline 
MLi and ground. Any cell Whose stored data does match the 
data on its search lines SLj, called a match condition, Will 
have no affect on the matchline MLi. Hence, if each CAM 
cell of a roW has a match condition, then the matchline MLi 
for the roW Will remain at the precharge voltage level of 
VDD. HoWever, if at least one cell of a roW has a mis-match 
condition, the precharge voltage of the matchline MLi Will 
sloWly discharge to ground over time. Since the matchline 
voltage level is neither stable nor suitable for use in subse 
quent logic circuits, a matchline sense circuit 202 Will sense 
and amplify the matchline voltage level to full CMOS 
voltage levels, for example. The output of the matchline 
sense circuit 202, ML_OUTi, at a high logic level Will 
indicate that the data of the respective roW matches the 
search Word. ML_OUTi at a loW logic level Will indicate that 
the data of the respective roW has not matched in at least one 
bit. 

[0053] FIG. 4 shoWs a multiple match detection circuit of 
the prior art. The circuit includes a multiple matchline 
MML, With many parallel connected discharge transistors 
302 coupling MML to ground. The gate of each discharge 
transistor is connected to an output, ML_OUTi, of a 
matchline sense circuit 202. There is one discharge transistor 
302 for each matchline sense circuit 202 output. The mul 
tiple matchline MML is connected to one input of a sense 
ampli?er 310. A reference multiple matchline RMML is 
connected to another input of sense ampli?er 310, having 
many parallel connected discharge transistors 306 coupling 
RMML to ground. Discharge transistors 306 are dummy 
discharge transistors, con?gured and siZed identically to the 
discharge transistors 302, eXcept that their gates are perma 
nently grounded to keep them turned off. Only dummy 
discharge transistor 304 can be turned on by control signal 
MLSEN. The W/L ratio of dummy discharge transistor 304 
is designed to be 1-1.5 times the siZe of the other normal and 
dummy discharge transistors 302 and 306 in order to dis 
tinguish betWeen multiple match, single match or no match 
conditions. RMML has an equal number of dummy dis 
charge transistors 304 and 306 as MML to ensure that 
voltage or temperature variations Will affect MML and 
RMML equally, and that parasitic capacitance of both lines 
are matched. During operation, MLSEN turns on discharge 
transistor 304, and the voltage level of RMML Will mimic 
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the voltage level of MML When there is one match; ie, When 
one of ML_OUTO-ML_OUTm is at the high logic level. 

[0054] FIG. 5 shoWs a detailed circuit schematic of the 
sense ampli?er 310 of the prior art. N-channel transistors 
313, 314, 316, 317 and 318, and p-channel transistors 312 
and 315, form a differential ampli?er Which compares the 
voltage level of MML received on the gate of transistor 314 
against the voltage level of reference multiple match line 
RMML received on the gate of transistor 317. Weak p-chan 
nel transistors 311 and 321 have their gates connected to 
ground, and clamp MML and RMML respectively, to VDD. 
Transistors 312 and 313 form a complementary pair con 
nected betWeen the high voltage supply, VDD, and the drain 
of transistor 314. Transistors 315 and 316 also form a 
complementary pair connected betWeen the high voltage 
supply, VDD, and the drain of transistor 317. Both comple 
mentary pairs are connected With each other to form a 
cross-coupled latch. The common source of transistors 314 
and 317 are connected to the drain of transistor 318. The 
source of transistor 318 is connected to ground and its gate 
is connected to control signal SHL for enabling the differ 
ential ampli?er. Complementary outputs out and outb from 
the cross-coupled latch are inverted by inverters 323 and 324 
respectively to generate latch and latchb. P-channel reset 
transistors 319 and 320 are connected betWeen VDD and 
outb and out respectively, With their gates connected to 
control signal SHL. Transmission gate 326 couples signal 
latch to the input of latch circuit 327. Delay circuit 322 
receives SHL and generates delayed complementary signals 
SHL_DLY and SHL_DLYb to control transmission gate 
326. Latch circuit 327 generates Q0, the output representing 
the state of MML. 

[0055] A description of the operation of the multiple 
match detection circuit of the prior art noW folloWs With 
reference to FIGS. 3, 4 and 5. In the precharge state, all 
matchline sense circuits 202 (FIG. 3) are disabled, forcing 
ML_OUTO-ML_OUTm signals to the loW logic level. 
Therefore, all discharge transistors 302 from FIG. 4 are 
turned off. Dummy discharge transistor 304 is also turned off 
since MLSEN is currently at the loW logic level. With all 
discharge transistors turned off, MML and RMML FIGS. 4 
and 5) are held at the high logic level by clamp transistors 
311 and 321 respectively. Control signal SHL is at the loW 
logic level, to disable the differential ampli?er, and to reset 
outb and out to the high logic level via transistors 319 and 
320. SHL_DLY and SHL_DLYb remain at the loW and high 
logic levels respectively to keep transmission gate 326 
turned off. 

[0056] After search data is applied to search lines SLi 
SLn, control signal MLSEN Will be driven to the high logic 
level to simultaneously turn on all matchline sense circuits 
202 and dummy discharge transistor 304 after a ?rst prede 
termined amount of time. When a matchline sense circuit 
202 is turned on, the respective matchline MLi voltage level 
is sensed for immediate generation of either a logic high or 
logic loW ML_OUTi. Therefore, in having MLSEN turn on 
both the matchline sense circuits 202 and the dummy 
discharge transistor 304 at the same time, both MML (if at 
least one matchline sense circuit reports a match) and 
RMML voltage levels Will begin to discharge simulta 
neously. 
[0057] At a subsequent second predetermined time after 
MLSEN is driven high, control signal SHL Will be pulsed 
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high to enable the differential ampli?er and to disable reset 
transistors 319 and 320 for the duration of the high pulse. 
Once enabled, the differential ampli?er Will compare the 
voltage level of MML to the voltage level of RMML. Table 
1 beloW lists the different logic levels of various nodes from 
the multiple match detection circuit of FIG. 5 When the 
voltage level of MML is above and beloW the voltage level 
of RMML. 

TABLE 1 

RMML MML out outb Latch 

VREF >VREF HIGH LOW LOW 
VREF <VREF LOW HIGH HIGH 

[0058] At a third predetermined time after SHL is pulsed 
high, signals SHL_DLY and SHL_DLYb pulse high and loW 
respectively to turn on transmission gate 326 for the duration 
of the pulse lengths. During the time transmission gate 326 
is turned on, the signal latch is retained in latch circuit 327 
for further output. 

[0059] The prior art circuit of FIG. 5 is subject to the 
previously mentioned disadvantages. The time required by 
the multiple match detection circuit 300 (FIG. 1) to sense 
the MML potential is lengthy. FIG. 6 is a plot of the multiple 
matchline voltage VMML as a function of time in the case 
Where tWo or more discharge transistors 302 are turned on 

(in the multiple match condition). The multiple match detec 
tion circuit 300 (FIG. 1) compares VMML to a reference 
voltage VREF at a predetermined time, to sense if VMML 
is above or beloW VREF. Multiple match detection circuit 
300 (FIG. 1) Will generate a loW logic level latch if VMML 
is above VREF, and a high logic level latch if VMML is 
beloW VREF. Sensing can be performed at time t1, but the 
sense margin is very small and a precise VREF voltage 
generator is required. Abetter sense margin can be achieved 
at later time t2 Without the need for a high precision VREF 
voltage. The sensing margin for detecting betWeen a mul 
tiple and single match case is only 0.5V Which is subject to 
?uctuations due to process and temperature variations. HoW 
ever, the time betWeen the start of VMML falling to t2 is 
Wasteful because the CAM remains idle While Waiting for 
the result of the comparison. Contributing to the prolonged 
sense time is the small feature siZe of discharge transistors 
302 and 304 and 306. One conducting discharge transistor 
has a small current capacity, hence the discharge of MML 
(Which begins in a high precharged state) to ground is very 
sloW. Shrinking feature siZes Will eXtend the optimal sense 
time past t2 because the discharge rate of VMML Will be 
further diminished. To improve the sensing margin in the 
multiple matchline of the prior art, the Width of dummy 
discharge transistor 304 is set from 1-1.5 times the siZe of 
discharge transistors 302 and 306. HoWever, this siZe must 
be carefully selected, and the sensing margin remains rela 
tively small. 

[0060] After sensing occurs at time t2, the discharged 
multiple matchline MML must be precharged back to the 
VDD voltage supply by an amount of AV. Hence, poWer 
consumption Will be high due to the repeated discharge and 
precharge of multiple matchline MML in addition to the 
poWer consumed by performing the same precharge high 
action on individual match lines themselves. 
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[0061] Sequential activation of the matchline sense cir 
cuits 200, the dummy discharge transistor 304 and the 
multiple match detection circuit is synchronised by the ?rst, 
second and third predetermined times Which are created 
from delay circuits. Since the start of the second predeter 
mined time is dependent on the end of the ?rst predeter 
mined time, and the start of the third predetermined time is 
dependent on the end of the second, deviation in the duration 
of any predetermined time may result in the output of Wrong 
data. As Well, if the transient characteristics of the circuits 
change due to process variations, synchronisation can be 
lost. 

[0062] Reference Will noW be made to embodiments of the 
invention. Generally, the multiple matchline detection cir 
cuit of the present invention is a loW poWer sense circuit for 
fast detection of no matches, a single match or multiple 
matches in the CAM cell array 100. This is achieved by 
setting a multiple matchline and a reference multiple 
matchline to a no-hit or miss default voltage level and 
pulling the multiple matchline to a hit voltage level before, 
at the same time, or after the reference multiple matchline is 
pulled to the hit voltage level. The multiple match detection 
circuit of the present invention employs a detecting circuit 
for detecting the ?rst of the tWo multiple matchlines to reach 
the hit voltage level, and generates a tWo-bit output repre 
senting one of the states Where 0, 1 or 2 and more stored 
Words match the search Word. The multiple matchline detec 
tion circuit is self-timed to disable sensing of the multiple 
matchline and reference multiple matchline. 

[0063] FIG. 7 depicts a hierarchical vieW of the CAM 
array 100. CAM cells 101 of the CAM array 100 are 
arranged in roWs and columns. CAM cells 101 of a roW are 
connected to a common matchline MLi, Word line WLi and 
tail line TLi, and CAM cells 101 of a column are connected 
to a common pair of search lines SLj and a common pair of 
bitlines BLj, Where i is an integer value betWeen 0 and n, and 
j is an integer value betWeen 0 and m. Matchlines MLi and 
tail lines TLi are connected to their respective matchline 
sense circuits 210. The matchline sense circuits 210 also 
receive control signals EN1, EN2b and BIAS, and produce 
match signals ML_OUTO-ML_OUTn. 

[0064] A more detailed schematic of the multiple 
matchline detection circuit is shoWn in FIG. 8 according to 
a ?rst embodiment of the present invention. The con?gura 
tion and connections of the discharge transistors 302 in 
relation to the multiple matchline MML is the same as 
described previously for the prior art multiple match detec 
tion circuit of FIG. 4. The con?guration of the reference 
multiple matchline circuitry 333, and connections of the 
discharge transistors 306 in relation to the reference multiple 
matchline RMML is also the same as described previously 
for the prior art multiple match detection circuit of FIG. 4, 
With eXception of transistor 305 Which has its gate connected 
to the high voltage supply VDD. Since transistor 305 is no 
longer dependant on a timing signal, the reference circuit is 
self-timed. Also differing from the prior art is that transistor 
305 is the same siZe as transistors 302 and 306, hence all 
discharge transistors 305 and 306 connected to RMML are 
constructed identically as discharge transistors 302 con 
nected to MML to keep the parasitic capacitance of both 
multiple matchlines the same. MML and RMML are con 
nected to their respective multiple matchline sense circuits 
330 and 331, Which receive as inputs, control signals EN1, 
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EN2b and BIAS. The multiple matchline sense circuit 330 
connected to MML Will sense the voltage level of MML to 
generate signal MML_OUT, While the reference multiple 
matchline sense circuit 331 connected to RMML Will sense 

the voltage level of RMML to generate signal RMML_OUT. 
A detecting circuit, implemented as a multiple match 
decoder 380, receives MML_OUT and RMML_OUT to 
generate a tWo bit, or multibit output Q1, Q0 and feedback 
control signal ENl. 

[0065] FIGS. 9-12 shoW different circuit embodiments of 
the multiple matchline sense circuit 330 and reference 
multiple matchline sense circuit 331. FIG. 9 shoWs a generic 
schematic of a multiple matchline sense circuit 330 in 
accordance With the present invention. The multiple 
matchline sense circuit has a current source 332 connected 

to a high voltage supply, such as VDD for eXample, and is 
connected in series With sWitch 334. SWitch 336 is con 
nected in series betWeen sWitch 334 and a loW voltage level, 
such as ground. Signal ENl controls sWitch 334, and is 
inverted by inverter 338 to control sWitch 336. The multiple 
matchline MML is connected to common node 335 of 
sWitches 334 and 336, and is further connected to the gate 
of n-channel sense transistor 342. Sense transistor 342 is 
connected in series betWeen precharge sWitch 340 and the 
ground level, Where signal EN2b controls precharge sWitch 
340. The input of inverter 344 is connected to the drain of 
sense transistor 342 and its output is used to generate signal 
MML_OUT. The circuit combination of sWitch 340, sense 
transistor 342 and inverter 344 acts as a sense ampli?er to 
sense and amplify the state of the multiple matchline MML. 

[0066] The multiple matchline sense circuit operation of 
FIG. 9 Will noW be described. SWitch 336 is closed, or 
turned on during a precharge phase, such that the multiple 
matchline MML is precharged to a loW potential level such 
as ground to turn off sense transistor 342. SWitch 334 is open 
to restrict the application of current to the multiple matchline 
MML. Also during the precharge phase, sWitch 340 is closed 
and the input to inverter 344 is charged to the VDD level, or 
the high logic level. MML_OUT is therefore at the loW logic 
level. During the course of a search and compare operation, 
in the sensing phase, sWitches 336 and 340 are opened, or 
turned off, and sWitch 334 is closed to turn on the current 
source 332, to apply current to the multiple matchline MML. 
Application of current to the multiple matchline MML by 
the current source 332 Will eventually raise its voltage level 
over time. When the voltage level of MML reaches the 
threshold voltage (minimum voltage required to turn on a 
transistor) for the n-channel sense transistor 342 of about 
0.7V, transistor 342 Will turn on to connect the input of 
inverter 344 to ground. MML_OUT subsequently becomes 
a high logic level. To reset the circuit to the precharge phase, 
control signal ENl Will become inactive to turn off sWitch 
334 and to turn on sWitch 336. The method by Which ENl 
becomes inactive Will be discussed in more detail later. In 
summary, the multiple matchline detection circuit 330 of 
FIG. 8 Will determine the potential level of the multiple 
matchline MML relative to the threshold potential level of 
sense transistor 342. If this voltage level on MML is 
detected, then signal MML_OUT becomes a high logic 
level, Which can be used by subsequent logic circuits. 

[0067] The multiple matchline detection circuit of FIG. 10 
is a practical CMOS implementation of the generic circuit of 
FIG. 9. Current source 332 is replaced With p-channel 
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transistors 350 and 352, and sWitches 336 and 340 are 
replaced With n-channel transistor 354 and p-channel tran 
sistor 358 respectively. Inverter 338 can be removed from 
the circuit since p-channel transistor 350 and n-channel 
transistor 354 form a complementary pair. An analog BIAS 
voltage is applied to the gate of p-channel transistor 352 to 
control the current supplied to the multiple matchline MML. 

[0068] In the operation of the multiple matchline detection 
circuit of FIG. 10, signal ENl is at a high logic level and 
EN2b is pulsed to a loW logic level during a precharge phase 
to turn on transistors 354 and 358 respectively, such that the 
multiple matchline MML is connected to ground to turn off 
sense transistor 342. To ensure that no current is applied to 
the multiple matchline MML during the precharge phase, the 
high logic level ENl Will turn off p-channel transistor 350 of 
the current source. With the input to inverter 344 charged to 
the VDD level, or high logic level, MML_OUT is therefore 
at the loW logic level. In the sensing phase, ENl is at a loW 
logic level to turn on p-channel transistor 350 and to turn off 
n-channel transistor 354, to alloW current source 332 to 
apply current to the multiple matchline MML. When the 
voltage level of MML reaches the threshold voltage for the 
n-channel sense transistor 342 of about 0.7V, transistor 342 
Will turn on to connect the input of inverter 344 to ground. 
MML_OUT subsequently becomes a high logic level. The 
circuit Would then be reset in the precharge phase in a 
manner similar to Way the circuit of FIG. 9 is reset. 

[0069] The current source 332 can also be implemented as 
a single p-channel transistor With its source connected to 
VDD, its drain connected to the multiple matchline MML, 
and its gate connected to ENl, eliminating the requirement 
for the analog BIAS voltage level. In this case the current 
Will be determined solely by the dimensions of the transistor 
and the VDD supply level. 

[0070] The ?oating input of inverter 344 in the circuit of 
FIG. 10 during the sensing phase before sense transistor 342 
turns on is generally undesirable. If the voltage on the input 
of inverter 344 falls beloW its sWitching point, inverter 344 
Will incorrectly ?ip and subsequently output a high 
MML_OUT logic level even though sense transistor 342 is 
turned off. 

[0071] To address this potential failure a modi?ed multiple 
matchline sense circuit of FIG. 10 is shoWn in FIG. 11. The 
con?guration of the circuit of FIG. 11 is the same as the 
circuit of FIG. 10, With the exception of a 2-input NOR gate 
362 Which replaces inverter 344. NOR gate 362 has a ?rst 
input connected to the drain of sense transistor 342 and a 
second input connected to EN2b. The output MML_OUT 
from NOR gate 362 is also fed back to the gate of p-channel 
precharge transistor 364. NOR gate 362 and p-channel 
precharge transistor 364 form a conventional half-latch to 
hold the drain of sense transistor 342 at the high potential 
level. Since both p-channel transistor 364 and sense tran 
sistor 342 are turned on if the multiple matchline MML 
reaches the threshold voltage of transistor 342, Vt, p-channel 
transistor 364 is designed to be Weaker than sense transistor 
342. This alloWs sense transistor 342 to override the ‘ON’ 
state of transistor 364. The circuit of FIG. 11 functions 
equivalently to the circuit of FIG. 10 during the precharge 
and sense phases. It should be noted that the half-latch 
circuit of FIG. 11 is not capable of latching a loW logic level 
on the ?rst input of NOR gate 362 during the sensing phase. 
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[0072] A modi?ed multiple matchline sense circuit of 
FIG. 11 is shown in FIG. 12. The con?guration of the circuit 
of FIG. 12 is the same as the circuit of FIG. 11, except a 
full-latch circuit that replaces the half-latch circuit of FIG. 
11. Inverter 360 replaces p-channel transistor 364 from FIG. 
11, allowing the full-latch circuit to latch both loW and high 
logic levels on the ?rst input of NOR gate 362. The circuit 
of FIG. 12 functions equivalently to the circuit of FIG. 11 
during the precharge and sense phases. 

[0073] A multiple matchline detection circuit in accor 
dance With an embodiment of the present invention is shoWn 
in FIG. 13. The circuit of FIG. 13 is similar to the multiple 
matchline circuit of FIG. 8, but includes circuit diagrams for 
multiple match sense circuit 330, reference for multiple 
match sense circuit 331 and multiple match decoder 380. 
The multiple match sense circuits 330 and reference mul 
tiple match sense circuit 331 are implemented With multiple 
match sense circuit of FIG. 12. Multiple match decoder 
circuit 380 includes OR gate 382 and tWo D-type ?ip-?ops 
(DFF) 384 and 385. Signal MML_OUT is connected to the 
data input of DFF 384 and one input of OR gate 382, While 
RMML_OUT is connected to the data input of DFF 385 and 
the other input of OR gate 382. OR gate 382 generates 
feedback control signal EN1, Which is connected to the 
clock inputs of DFF 384 and DFF 385, DFF 384 and DFF 
385 output Q1 and Q0 respectively. Edge triggered D-type 
?ip-?ops are Well knoWn in the art, and function to pass data 
appearing on its D input to its Q output When there is a 
transition from a loW level to a high level on its clock input. 

[0074] A description of the multiple matchline sensing 
operation in accordance With the present invention Will noW 
folloW With reference to FIGS. 7, 13 and 14. It should be 
assumed that one or both of MML_OUT and RMML_OUT 
have been driven to the high logic level from the previous 
search-and-compare operation. The circuit of FIG. 13 Will 
compare the rising voltage rate of the multiple matchline 
MML to a reference multiple matchline RMML, Where the 
voltage level of MML Will rise at a faster, sloWer or equal 
rate as the voltage level of RMML. The circuit Will then 
output a tWo bit result representing one of the three states of 
MML. After the matchline sense circuits 210 (FIG. 7) have 
completed their comparison of the search Word against their 
respective stored Words, none, one or more ML_OUTi 
(MLOUTO-ML_OUTn) signals Will be driven to the high 
logic level to indicate the occurrence of a match. Hence, any 
logic high ML_OUTi Will immediately turn on its respective 
discharge transistor 302 from the multiple match detection 
circuit of FIG. 13. This Will have no effect on MML because 
the multiple match sense circuit 330 is in the precharge 
phase in Which the current source 332 is turned off and 
precharge transistor 354 is turned on via signal EN1 at the 
high logic level to hold MML to loW logic level. The 
multiple match sense circuit 331 connected to RMML is also 
in the precharge phase due to the high logic level of EN1. 
Current is then applied to the multiple matchline MML and 
the reference multiple matchline RMML during the sensing 
phase When EN1 is set to the loW logic level. OR gate 382 
generates a loW logic level EN1 signal as long as both 
MML_OUT and RMML_OUT remain at the loW logic level. 
This Will occur When EN2b pulses high at the input to NOR 
gate 362 of multiple match sense circuit 330 and at the input 
to NOR gate 362 of multiple match sense circuit 331 to start 
the active phase. The loW logic levels of MML_OUT and 
RMML_OUT are latched via feedback inverters 360, and 
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Will remain so until either one of MML and RMML rises to 
the threshold voltage of its respective sense transistor 342 
during the search-and-compare operation. In the case of no 
matches, no current path is formed betWeen MML and 
ground, thus alloWing the voltage of MML to rise quickly 
over time. In the case of a single match, Where one current 
path is formed betWeen MML and ground through a single 
discharge transistor 302, the rate at Which the voltage of 
MML rises over time is sloWer because a small amount of 
charge is continually discharged from the multiple matchline 
MML by the single current path to ground. Therefore the 
rising rate of the multiple matchline MML voltage over time 
in the case of a single match is sloWer than the rising rate in 
the case Where there are no matches. This rising rate 
becomes even sloWer due to the existence of multiple 
parallel current paths betWeen the multiple matchline MML 
and ground in the case Where tWo or more discharge 
transistors are turned on, since the current source 332 must 
overcome multiple pull doWn paths. The voltage level of 
RMML Will rise at a rate consistent With MML having 
eXactly one discharge transistor 302 turned on. In the present 
embodiment, only the gate of one discharge transistor 305 is 
connected to VDD, and the remaining discharge transistors 
306 connected to RMML have their gates connected to 
ground. Therefore the voltage level of RMML Will alWays 
rise at a rate corresponding to the single match condition. 

[0075] FIG. 14 shoWs a plot of MML voltage versus time 
for the Zero match case, the single match case and more than 
one match case. From the plot of FIG. 14, the time of 
interest is at t1, When the Zero match case MML voltage 
ramps up to a threshold voltage Vt to turn on sense transistor 
342 from the multiple matchline sense circuit 330 of FIG. 
13. Although for the single match and the more than one 
match cases, MML does not reach the Vt level at t1, they Will 
reach Vt some time after t1 at times t2 and t3 respectively, 
to turn on sense transistor 342. Although a linear relationship 
betWeen the MML voltage and time is shoWn, the rising rate 
of MML With respect to time does not necessarily have to be 
linear. In other Words, using this process according to the 
invention, the voltage of the multiple matchline Will begin to 
rise When current is provided, but depending on the state of 
the multiple matchline, (i.e. containing no matches, one 
match or more than one match) the multiple matchline Will 
rise at one of the three rates shoWn in FIG. 14. The multiple 
match circuit of the present embodiment Will therefore 
decide the state of MML based on its delay (negative or 
positive) in reaching the Vt threshold voltage level relative 
to the single match state. 

[0076] In FIG. 13, DFF 384 and 385 Will receive, latch 
and pass the high or loW logic levels appearing on their 
respective D inputs to their Q outputs When clocked by EN1 
signal going high. When one or both MML_OUT and 
RMML_OUT are driven and latched to the high logic level 
from their precharged loW logic levels by multiple match 
sense circuits 330 and 331, OR gate 382 Will immediately 
generate an active or high logic level EN1 signal. EN1 
transitioning to the high logic level Will set DFF 384 and 385 
into the latch mode, preventing any further changes in the 
logic levels of either MML_OUT and RMML_OUT from 
changing the outputs Q1 and Q0. Occurring simultaneously, 
current sources 332 from multiple match sense circuits 330 
and 331 are turned off by the high logic level EN1 to prevent 
further charging of MML and RMML for conserving poWer. 
Thus the multiple matchline detection circuit re-enters the 










